INTRODUCTION
Michelia champaca is a flowering plant belonging to the family Magnoliaceae (Rout et al., 2006) . Its common name is yellow champaca. It is native to temperate Himalayan region; however, it is found distributed throughout the tropical and subtropical areas of the world such as India, South China, Indonesia, Philippines, Malaysia and some pacific islands (Lai and Lee, 1994; Lawrence, 2000; Hosamani et al., 2009; Rout et al., 2011) . The plant is a tall evergreen tree with straight stem and smooth brown bark (Negi and Gupta, 1987; Hosamani et al., 2009 ). The flowers are used for ornamental purposes and yield a fragrance of commercial *Corresponding author. E-mail: faridahqz@gmail.com.
Abbreviations: BAP, 6-benzylaminopurine; IAA, indole 3-acetic acid; 2,4-D, 2,4-Dichlorophenoxyacetic acid; NaOCl, Sodium hypochlorite. value used by Hindu girls to decorate their hair (Rout et al., 2006) . The essential oil obtained from the flowers has useful application in perfumery and pharmaceutical industries. The plant is traditionally used for the treatments of fever, colic, leprosy, and cure for coughs and rheumatism and for remedies of various disorders (Perry, 1980; Vimala et al., 1997; Hasan et al., 2009; Armiyanti et al., 2010) . Furthermore, Michelia spp. has been used by indigenous peoples of India for the treatment of cancer and abdominal tumors (Chen et al., 2008) . The presence of phenolics was detected in callus from decoated seed fragments, indicating its competence for synthesis of secondary metabolites (Iyer et al., 2005) .
This tree is usually propagated either by seeds or by vegetative propagation using layering techniques (Zabala, 1990) . A wide range of morphogenetic responses could be elicited from diverse explants of adult M. champaca trees. Direct somatic embryo-like structures were formed on meristematic tissues from vegetative buds. Single axillary and multiple shoots could be regenerated from nodal explants. The formation of roots on nodal segments was induced by indole-3-butyric acid (IBA) in M. champaca (Iyer et al., 2005) .
Callus was induced from rachises of the M. champaca flowers (Lai and Lee, 1994) . Long term callus cultures were established from decoated seed fragments, immature leaves, carpels, bud scales, and nodal segments, especially in media with coconut milk. Induction of somatic embryogenesis in the callus from decoated seed fragments is being reported for the first time in this genus (Iyer et al., 2005) . Regeneration of shoots was obtained from callus of rolled leaves and unopened, elongating buds. Since M. champaca is a woody plant, it is hard to grow; the propagation is slow and limited. Despite being a valuable plant, very little work has been done on micropropagation of M. champaca. Thus, the purposes of this study were to investigate the induction and proliferation of callus from axillary bud of M. champaca as alternative method for mass-scale high quality production and to establish the suitable micropropagation protocol for callus and shoot initiation and proliferation of this species.
MATERIALS AND METHODS
Plant materials were collected from M. champaca trees grown at Agricultural Conservatory Park, Institute of Bioscience, Universiti Putra Malaysia, Serdang, Malaysia. Explants were excised from axillary bud segments. Explants were surface sterilized with Clorox for 3 min, then were kept under running tap water for 1 h, subsequently rinsed in 6% NaOCl for 35 min, followed by 2% NaOCl for 15 min in which 0.01% Tween 20 were added as surfactants. The explants were rinsed with distilled water seven times. Then the sterilized explants were trimmed to 2 cm. Murashige and Skoog (1962) basal medium (MS) supplemented with 30 g/l sucrose was used in this study. All media prepared were adjusted to pH 5.8 before solidified with 5 g/l Gelrite and autoclaved at 121°C, 15 psi for 20 min. All cultures were kept under 16 h photoperiod at a photosynthetic flux of 150 μmol m -2 s -1 , provided by cool fluorescent lamps and maintained at 25 ± 2°C.
Basal medium and incubation conditions

In vitro culture induction of callus and shoot
The axillary bud segments were cultured on agar-solidified MS media supplemented with different concentrations of BAP, IAA, and 2, 4-D for callus and shoot initiation and multiplication. The range of concentrations for each one is from 0.0 mg/l to 2.0 mg/l. The cultures were sub-cultured on the same media to increase number of shoots and to enhance the formation of a friable and soft callus.
Callus propagation media
Basal media supplemented with different combinations of plant growth regulators (IAA, 2, 4-D and BAP) were used for callus proliferation ( Table 3 ). Callus that had been obtained from different combinations of plant growth regulators was sub-cultured once Abdelmageed et al. 3339 every two weeks for callus maintenance. Data on the following parameters were recorded: explant survival rate, shoot induction rate, callus induction rate, callogenic response and the colour of the callus.
Statistical analysis
Collected data was analyzed using the SPSS statistical package software version 18.0 (Chicago, USA). Analysis of variance (ANOVA) with mean separation by least significant difference (P < 0.05) was used to compare means of different treatments. The experiments were set up in a completely randomized design (CRD) and repeated twice.
RESULTS AND DISCUSSION
Callus induction and shoot regeneration
Callus and shoot were induced on MS basal media supplemented with different concentrations of IAA, 2,4-D and BAP after two weeks of culture (Table 1) . 2, 4-D gave the highest yield of callus formation (67%), followed by IAA (56%), then BAP (44%), respectively ( Figure 1 ). All growth regulators that were used in this study are capable of inducing callus from explants (Table 1) . The rate of callus and shoot induction as influenced by plant growth regulators was low and in the range (11-22%). BAP showed the highest percentage (22%) of callus and shoot induction. IAA was more or less in the same trend as BAP (19%). While, a low percentage of callus and shoot induction (11%) was obtained by 2,4-D (Figure 2 ). Callus was successfully induced in media supplemented with different concentrations of IAA (0.00-2.00 mg/l) after two weeks of culture ( Figure 3 , Table 1 ). The concentration 0.10 mg/l of IAA was found to be the suitable one for callus induction from the explants of this plant. Callus induction was also observed in all media supplemented with different concentrations of 2,4-D (Figure 3 , Table 1 ). 0.10 mg/l BAP gave the long shoot ( Figure 3, Table 1 ), which was found to be the best concentration for induction of shoot from the explants of this plant. This is in agreement with the earlier findings of Lai and Lee (1994) .
Survival rate of explants
The growth regulator IAA showed the highest explants survival rate (81%) followed by 2,4-D (78%) and BAP (69%), respectively (Table 2) . Thus, explants survived better in auxins (IAA and 2,4-D) rather than cytokinin (BAP). The different concentrations of IAA showed a consistency in survival rate of explants in the different media. 0.1 mg/l of IAA and 2,4-D gave 100% explant survival rate (Table 2) . Thus, a low concentration of IAA leads to high rate of survival explants. The different concentrations of 2,4-D that were used showed inconsistency in the explant survival rate ( BAP, a high concentration of hormone exhibited a higher rate of explant survival rate (83%). while, a low concentration showed a low survival rate ( Table 2) . The survival rate actually referred to the total induction of the shoot formation alone and/or callus and shoot induction. Thus, the axillary bud of M. champaca could survive in IAA, 2,4-D and BAP, respectively by producing a number of shoots and calli. Similar results were found by Daud and Taha (2008) who used immature flower buds of Saintpaulia ionantha for the induction of callus.
Also, this observation is in agreement with earlier reports of Kayani et al. (2008) who succeeded to induce callus from leaf explants of Achyranthes aspera using different concentrations of 2,4-D alone and in combination with NAA, BAP, and IAA and confirmed the findings of Naika and Krishna (2008) who investigated the induction of callus from the stem of Clematis gouriana. The result obtained by Thomas and Maseena (2006) on the induction of callus from Cardiospermum halicacabum corroborated the results found in this study.
Callus proliferation
Callogenic responses from the different combinations of BAP with IAA and BAP with 2,4-D were observed ( Figure  4, Table 3 ). 0.10 mg/l of BAP with 0.05 mg/l, 0.10 mg/l and 0.30 mg/l of IAA showed brown colour of callus, which is similar to 0.20 mg/l of BAP with 0.30 mg/l of IAA and 1.00 mg/l BAP with 0.30 mg/l IAA (Table 3) . Thus, these combinations of growth regulators showed good response on the callus growth. The combination 0.20 mg/l BAP with 0.10 mg/l IAA exhibited a low response on the callus growth with a dark brown colour (Table 3) . A high proliferation of callus with cream colour was produced by the combination 2.00 mg/l of BAP with 0.50 mg/l of IAA (Table 3) . While, all the combinations of BAP with 2,4-D showed higher proliferation rate of callus with cream colour, after three months of culture (Table 3) . Callus of M. champaca showed changes in morphological character (colour) just after three months of culture at the different concentrations of plant growth regulators. The callus derived from axillary bud segments exhibited a positive response to the MS medium supplemented with either BAP combined with IAA or BAP combined with 2,4-D. A good response of callus growth was also observed on the MS basal medium supplemented with high concentration of BAP and low concentration of IAA (Table 3) . Thomas and Maseena (2006) reported the importance of auxin/cytokinin ratio in the culture medium. Many researchers suggested that auxins at lower concentrations along with high concentrations of cytokinins have a critical role on plant regeneration (Petasites hybridus (Wldi et al., 1998) , Eucalyptus grandis (Luis et al., 1999) , Hybanthus enneaspermus (Prakash et al., 1999) (Zoriniants et al., 2003) , and Eleusine indica (Yemets et al., 2003) . While, Lai and Lee (1994) mentioned that a lower concentration of 2,4-D and BAP was able to induce callus from explants of M. champaca. Selection of axillary buds as explants in this study showed ability in the production of callus. Similarly, Lai and Lee (1994) succeeded in the induction of callus from explants of leaf, rachis, petal, and stalk. While, Thomas and Maseena (2006) stated that the better growth of callus in Cardiospermum halicacabum was obtained from leaves. In this study, M. champaca callus did not grow well, this may be due to that the different concentrations of BAP, IAA and 2,4-D that were used were not in the optimum range for callus proliferation. Similar results were obtained by Kayani et al. (2008) and Daud and Taha (2008) who reported that several formulations can be made by changing hormonal concentrations for optimiza-tion of basal medium. At the initial stage, callus did not show any changes in the morphological characters, only after approximately three months, callus showed positive response with appearance of cream, brown, and dark brown colour. However, the callus kept on proliferating without any sign of regeneration after that. This negative sign may due to insufficient time for the growth of callus and was observed in M. champaca in a previous study conducted by Lai and Lee (1994) who mentioned that callus can be cultured for 140 days, which is friable and semi-transparent, but unable to regenerate. Normally, a dark environment is applied during callus subculture and proliferation (Weisshaar and Jenkins, 1998) . In this study, the callus of M. champaca was inhibited by exposure to light. Thus, 16 h photoperiods that was supplied during callus induction in M. champaca was found to be unsuitable for callus induction and proliferation. These results confirmed the earlier findings of Wang (1985) who mentioned the longer the exposure to light, the greater the toxicity.
In conclusion, callus induction and proliferation of M. champaca was investigated by in vitro micropropagation. Callus of M. champaca was induced on MS basal medium supplemented with different concentrations of IAA, 2, 4-D and BAP. IAA resulting in the highest percentage of survival rate followed by 2,4-D and BAP, respectively. A cream callus in colour was observed at the high concentration of BAP with a low concentration of IAA after three months of culture.
